Study Design. This is a case report. Objective. Describe the occurrence of cardiac emboli recorded on transesophageal echocardiogram (TEE) after the injection of a topical hemostatic agent into a vertebra prior to performing a pedicle subtraction osteotomy (PSO). Summary of Background Data. Hemostasis during spinal surgery is critical for adequate visualization and to reduce the risk of perioperative complications. Adult spinal deformity surgery can involve performing PSOs which are useful in cases of fixed spinal deformities and are associated with increased blood loss secondary to epidural and cancellous bleeding. Prior to performing a PSO, a topical hemostatic agent can be injected into the vertebra through the pedicle screw pilot holes in an attempt to decrease cancellous bleeding. Injected hemostatic agents can pressurize the vertebral body similar to cementation in vertebroplasty and during fracture reaming and prosthetic implantation in the femur. Patients with cardiac defects such as patent foramen ovale or atrial septal defect may be more prone to systemic embolic events resulting in morbidity or mortality. Methods. We injected a topical hemostatic matrix agent through the pedicle screw pilot holes into the L1 vertebral body prior to performing a PSO while simultaneously recording with TEE. Results. The TEE recorded large visible emboli traveling through the heart into the pulmonary vasculature. The patient remained stable throughout the remainder of the case and a postoperative spiral computed tomography (CT) scan was negative for filling defects. The patient had an uneventful hospital course. Conclusion. Questions remain about the exact consistency of these emboli, when they are most likely to occur, how much cardiopulmonary insult can be tolerated without resulting in complications, or how to prevent their occurrence. Patients undergoing spinal surgery with the plan to inject hemostatic matrix agents into the vertebral body may benefit from a preoperative TEE to reduce the risk of complications associated with embolic events, especially in patients with undiagnosed patent foramen ovale or atrial septal defect. Key words: complication, emboli, hemostasis, pedicle subtraction osteotomy, PSO, SurgiFlo, topical hemostatic matrix. Level of Evidence: 5 Spine 2016;41:E556-E560 H emostasis during spinal surgery is critical for adequate visualization and to prevent complications. Spinal deformity corrective surgery can involve one or more osteotomy types. Pedicle subtraction osteotomies (PSOs) are extremely useful in cases of fixed spinal deformities, but associated with increased intraoperative blood loss. 1 Multiple hemostatic matrix agents are available for use during spine surgery. [2] [3] [4] Prior to a PSO, topical hemostatic matrices such as SurgiFlo (Ethicon Inc., West Somerville, NJ) can be injected through the pedicle screw pilot holes, pressurizing the vertebral body in an attempt to decrease the cancellous bleeding associated with the procedure. Similar documented increases in pressure occur in the femoral canal during reaming and IM nail placement, and in the vertebra with cementation in vertebroplasty with documented embolic events entering the pulmonary vasculature. [5] [6] [7] However, the exact make up of the embolic material seen on transesophageal echocardiogram (TEE), as well as their effect on the patients' cardiopulmonary physiology is unknown.
We are unaware of any previously published reports of cardiac emboli occurring after the pressurization of a vertebral body with a hemostatic matrix agent while performing a PSO.
CASE REPORT
A 72-year-old man with a previous L2-L4 decompression and fusion presented with a positive sagittal imbalance of þ14 cm complaining of worsening back pain and the sensation of constantly leaning forward (Fig. 1) . The patient had failed all nonsurgical measures, and his symptoms were significantly affecting his activities of daily living. The patient suffered from severe congestive heart failure with an ejection fraction of 30%, a left bundle branch block, and dilated cardiomyopathy.
The cardiac anesthesia service continuously monitored the patient's cardiac function utilizing a TEE throughout the case. The patient underwent a revision posterior spinal fusion T4-ileum, L1 PSO, T12-L2, and L5-S1 Smith Peterson osteotomies (SPOs), L5-S1 transforaminal lumbar interbody fusion (TLIF) with cage, and T3 prophylactic vertebroplasty (Figs. 1 and 2) .
A hemostatic matrix (SurgiFlo) was injected through the pedicle screw pilot holes prior to the PSO procedure. Immediately after the matrix was injected, TEE recorded large emboli moving from the right atrium through the right side of the heart into the pulmonary artery (Fig. 3) . No abnormal findings in heart rate, blood pressure, respiratory status, or oxygen saturation were associated with the emboli. The emboli were visualized immediately after the pressurization of each pedicle and then visualized for one full cardiac cycle. No additional emboli were visualized during the procedure including the T3 vertebroplasty. Immediate postoperative spiral computed tomography (CT) scan of the chest did not demonstrate any abnormality. 
DISCUSSION
Cardiac emboli have been documented during pressurization of long bones such as the femur. 5, 6 Likewise, fat embolism syndrome has been described in both long bone fractures and with vertebral pressurization during vertebroplasty, with associated fatalities. 7, [9] [10] [11] [12] [13] [14] However, to our knowledge this is the first report of cardiac emboli resulting after pressurization of a vertebra with a hemostatic agent during a PSO. The patient had significant baseline cardiopulmonary compromise but experienced no adverse events related to the emboli, suggesting that limited amounts of cardiac emboli during spine surgery may be tolerated even in the setting of poor cardiopulmonary reserve. However, it is unknown to what extent this can be tolerated.
The echogenic embolic material found in previous intramedullary (IM) femoral nailing studies demonstrated the presence of fat and fresh thrombotic material. 8 Large fat droplets may be released into the systemic circulation following raised intravertebral pressure, which could potentially obstruct end capillary beds mechanically. Without a tissue sample, the exact make up of our patient's embolus is unknown, but is likely consistent with fat and thrombotic material Bisignani et al 8 found with the IM reaming of long bones.
Patent foramen ovale (PFO) has been reported in 27% of the individuals at autopsy and in 25.6% of randomly selected individuals through TEE. [15] [16] [17] A right to left heart shunt such as a PFO or atrial septal defect (ASD) are concerning because a paradoxical embolism traveling from the right heart directly to the left heart into the circulatory system could result in a severe embolic event such as a stroke, ischemic bowel, or a nonperfused extremity.
Prone surgery, positive pressure ventilation, and replacement of blood loss with intravascular fluid boluses may potentiate emboli to cross through defects in the heart becoming systemic. [15] [16] [17] Our patient did not have a septal defect nor did he exhibit symptoms to suggest a systemic embolic event postoperatively. However, patients with a preexisting PFO or ASD may be more susceptible to complications associated with such embolic events.
CONCLUSION
Emboli appear to be more common during procedures that result in the internal pressurization of the skeleton. [5] [6] [7] Questions remain about the consistency of these emboli, when they are most likely to occur, how much cardiopulmonary insult can be tolerated, and how to prevent their occurrence. Fat embolism syndrome, although rare, is a potentially fatal complication associated with pressurization of the skeleton. It is important to consider this complication with long bone and vertebral body pressurization. Surgeons must be aware of the potential complications associated with pressurization of the vertebral body and should carefully consider a preoperative TEE to evaluate for a PFO or ASD to reduce the risk of complication from an embolic event and consider this risk in the consent procedure. Further prospective analysis is warranted to assess the effects of pressurization of the vertebral body during PSO.
Key Points
Emboli have been documented during procedures involving pressurizing the skeleton. Questions remain regarding the amount of cardiopulmonary insult that can be tolerated during vertebral body pressurization. Asymptomatic PFO and ASD are common, and can result in paradoxical emboli traveling from the right to the left side of the heart and into the circulatory system. Patients with preexisting PFOs or ASDs may be more susceptible to complications associated with such embolic events. Surgeons must be aware of the potential complications associated with pressurization of the vertebral body and should carefully consider a preoperative TEE to evaluate for a PFO or an ASD to reduce the risk of complication from an embolic event.
